AD726385

RESEARCH AND DEVELOPMENT TECHNICAL REPORT
ECOM-0076-F

LONG SHELF LIFE
ORGANIC ELECTROLYTE BATTERY

FINAL REPORT
BY
L.F.ATHEARN and A.N.DEY
D A PROJECT NUMBER 1X6 28012 D628
JUNE 1971

DISTRIBUTION STATEMENT
THIS DOCUMENT HAS BEEN APPROVED FOR PURLIC RELEASE AND
SALE: ITS DISTRIBUTION IS UNLIMITED

Reproduced by

NATIONAL TECHNICAL
INFORMATION SERVICe

Spi.ngfield, Va. 22151
(XX N R A RN R R R RN RN NNRNRNENEN N NN

ECOM

UNITED STATES ARMY ELECTRONICS COMMANI ¢ FORT MONMOUTH, N.J.

®
[ ]
[
L ]
L4
[ J
[ J
L4
[ 4
[ ]
[ ]
L]
L
[ J
[ ]
L ]
[
L]
[ ]
[ ]
[ ]
[ J
e
]
[ ]
[ ]
L4
®
]
[ ]
L]
L J
[ ]
]
[ ]
[ ]
L]
]
[ ]
[
L]
*
L4
L]
L]
[ 4
®
[ ]
L4
[ ]
[ ]
[ ]
[ ]
[ ]
L]
°
®

CONTRACT DAAB07-70-C-0076 |
P.R. MALLORY & CO. INC. DD C
{ ABGRATORY FOR PHYSICAL SCIENCE SNa G
NORTHWEST iNDUSTRIAL PARK KPR |
‘ |
JuL 20 O

BURLINGTON, MASSACHUSETTS 01803
BNRSS Ll
! =1 &‘i
| st
C




ACCESSION for
e v
cHsTi THITE SECTION [y/
[T BUFF SECTION )
UNANNOUNCED 0
JUSTIFICATION oo
NOTICES
] C e
DISTRIGUTION/AVAILABILITY CODES
BT | AVAIL sa/or SPECIAL
Disclaimers

The findings in this report are not to be construed as an ofticial
Department of the Army position. unless so designated by other author-
ized documents.

The cit~""~n of trade names and names of manufactuiers in this report is

not to be construed as official Government indorsement or approval of
commercia! products or services referenced herein.

Disjrosition

Destroy this report when it is no longer needed. Do not return it to the
originator.




UNCLASSIFIED

Security Classification

DOCUMENT CONTROL DATA - R&D

(Security clasaification of title body of abatract and indexing annotation muat be eniered when the overal!l report is classilied)

1. ORIGINATIN G ACTIVITY (Corpor: te author) 2a RCPORT SECURITY C LASSIFICATION

P, R. Mallory & Co. Inc,

Laboratory for Physical Science, Northwest Ind, Pk, (2% sroue
Burlington, Massachusetts 01803

3. REPORT TITLE

Long Shelf Life Organic Llectrolyte Battery

4. DESCRIPTIVE NOYES (Type of report and inclusive dates)

Final Report
5. AUTHOR(S) (Last name. firat name, initial)
A, N, Dey "
L. F. Athearn
6. REPORT DATE 78 TOTAL NO. &F PAGES 7b NO. OF REFS
June 1971
@a. CONTRACT OR GRANT NO. DAABO7_7(B_OO76 948 ORIGINATOR'S REPORT NUMBER(S)
& PROJECT No- 1X6 28012 D628
c.TaSk NO . 95 g;r'urs’:ol:spoav NO(S) (Any other numbers that may be assigned
a.Subtask No. ECOM-0076-F

10. AVAILABILITY/LIMITATION NOTICES
This Document has been approved for public release and sale- its distribution
is unlimited.

11. SUPPLEMENTARY NOTES 12. SPONLORING MILlTAE.Y ACTIV!TY
omman 1ng General
. Army Electronics Command
Attn. AMSEL-KL-PD
Fort Monmouth, New Jersey (07703

13. ABSTRACT

The fabrication of prototype organic electrolyte cells having wide operating tempera-
ture range and high energy density has been completed. Sever.ty of these cells were
assembled and delivered for evaluationtests. Intests of samples of these cells car-
ried out at this laboratory, energy densities of 95 watt hours per pound at room temper-
ature and 55 watt hours per pound at -30°C were obtained. Similar cell components
were assembled tomake fifteen 36 volt batteries witha diameter of 2. 75in. anda
height of 5. Oinches. These batteries weighed 80-90% of the maximum weight (1, 81bs)
specified. The discharge of a prototype batteryat roomtemperature using the speci-
fieddischarge regime was performed. This testis continuing after 2350 hours and
the batteryis still above the 20 volt cutoff voltage. The required service onthis test
is 912 hours. Improved cells of the type used to make the 36 volt batteries were tested
at room temperature onthe specified loads. These cells are still running after 3880
hours of discharge and the cells are stillabove the 1. 8 volt cutoff voltage. The service
required onthistest wasalso 912 hours. Other cells of the type used tomake the 36
volt batteries weredischargedat -30“°C onthe revised test schedule and they dis-
charged for 592 hours before reaching the 1. 8 volt cutoff voltage: The required
serviceonthis test was 480 hours. None of the improved cells were incorporated
inthe delivered end items because of the contractual limitations onthe delivery
schedule. The contractual objective for charge retention, high efficiency perform-
ance following three months storage at 55°C, was not attained. Reducedtempera-
ture storage is recommended for the cells and batteries. Some redesigncfcelland
battery structures is requiredtoprevent electrolyte leakage and internal corrosion
observed inthe delivered end items.

DD 7. 1473

Security Classification




“Securit” Classification

KEY WORDS

LINK A

ROLE wT

Organic Electrol-te Cells
High Energy Density
Long Activated Shelf Life

Wide Range Temperature Performance

Hermetic Seals
Vapor Pressure
Filr . Formation

INSTRUCTIONS

1. ORIGINATING ACTIVITY: Enter the name and address
cf the contractor, subcontractor, grantee, Department of De-
fense activity or other organization {corporate guthor) issuing
the report.

2a. REPORT SECURITY CLASSIFICATION: Enter the over
all security classification of the report. Indicate whether
““Restricted Data’’ is included. Marking is to be in accord-
ance with appropriate security regulations.

2b. GROUP: Automatic downgrading is specified in DoD Di-
rective 5200, 10 and Armed Forces Industrial Manual. Enter
the group number. Also, wher applicable, show that optional
gnarcll(ings have been used for Group 3 and Group 4 as author-
ized.

3. REPORT TITLE: Eater the complete report title in all
capital letters. Titles in all cases should be unclassified.
If a meaniugful title cannot be selected without classifica-
tion, show title classification in all capiials in parenthesis
immediately following the title,

4. DESCRIPTIVE NOTES: If appropriate, enter the type of
report, e.g., interim, progress, summary, annual, or final.
Give the inclusive dates when s specific reporting period is
covered.

5. AUTHOR(S): Enter the name(s) of author(s) as shown on
or in the report. Enter last name, first name, middle initial.
If military, show rank and branch of service. The name of
the principal author is an absolute minimum requirement.

6. REPORT DATE: Enter the date of the report as Jay,
month, year; or month, year. If more than one date appears
on the report, use date of publication.

7a. TOTAL NUMBER OF PAGES: The tctal page count
should follow normal pagination procedures, i.e., enter the
number of pages containing information

7b. NUMBER OF REFERENCES: Enter the total number of
references cited in the report.

8a. CONTRACT OR GRANT NUMBER: If appropriate, enter
the applicable number of the contract or grant under which
the report was written,

8b, 8, & 8d. PROJECT NUMBER: Enter the appropriate
military department identification, such as projeét number,
subproject number, system numbhers, task number, etc.

9a. ORIGINATOR’S REPOR{ NUMBER(S): Enter the offi-
cial report number by which the document will be identified
and controlled by the originating activity. This number must
be unique to this report.

95. OTHER REPORT NUMBER(S): If the ieport has been
assigned any other report numbers (cither by the originator
or by the sponsor), also enter this number(s).

10. AVAILAB!L: Y/LIMITATION NOTICES: Enter any lim-
itations on further dissemination of tae report, other than those

imposed by security classification, v sing standard statements
such as:

(1) “‘Qualified requesters may obtain copies of this
report from DDC.’’

(2) ‘“Foreign announcement anc: dissemination of this
report by DDC is not authorized.’’

(3) “U. S. Governmsnt agencies may obtain copies of
this report directly from DI)C. Other qualified DDC
users shall request through

. "

{4) ‘'U. S. military agencies may obtain copies of this

report directly from DDC. Other qualified users
shall request through

(3
.

(5) *“‘All distribution of this report is controlled. Qual-
ified DDC users shall request through

i
.

If the report has been furnished to the Office of Technical
Services, Department of Commerce, for sale to the public, indi-
cate this fact and enter the price, if known

11, SUPPLEMENTARY NOTES: Use for additional explana-
tory notes.

12. SPONSORING MILITARY ACTIVITY: Enter the name of
the departmental project office or laboratory sponsoring (pay-
ing for) the research and development. Include address.

13. ABSTRACT: Enter an abstract giving a brief and factual
summary of the document indicative of the veport, even though
it may also appear elsewhere in the body of the technical re-
port. If additional space is required, a continuation sheet
shall be attached.

It i« highly desirablc that the abstract of classified re-
ports be anclassified. Each paragraph of the abstract shall
end with an indication of the military security classification
of the information in the paragraph, represented as ( I'S), (5),
(C), or (L).

There is no limitation on the length of the abstract.
ever, the suggested length is from 150 to 225 words.

14. XKEY WORDS: Key words are technically meaningful terms
or short phrases that characterize a report and may be used as
index entries for cataloging the report. Key words must be
selected so that no security classification is required. Iden-
fiers, such as equipment model designation, trade name, mili-
tary project code name, geographic location, may be used as
key words but will be followed by an indication of lech_nical
context. The assignment of links, rules. and weights is
uptional.

How-

Security Classification




Reports Control Symbol
OSDb-1366

TECHNICAL REPORT ECOM-0076-F June 1971

LONG SHELF LIFE ORGANIC ELECTROLYTE BATTERY

FINAL REPORT

Report No. 4

CONTRACT NO. DAABO07-70-C-0076

Distribution Statement

This document has been approved for public release and sale. Its
distribution is unlimited.

Prepared by
L.F. Athearn and A.N. Dey
P.R. MALLORY & CO. INC.
Laboratory for Physical Science

Northwest Industrial Park
Burlington. Massachusetts 01803

For

U.S. ARMY ELECTRONICS COMMAND., Fort Monmouth. New Jersey 07703




N NN e o e e

@m}nmmp-&-»&:&:&&w&»w(\)m

O W BN = O N b W NV = O N = O B W N = O WN m O

TABLE OF CONTENTS

Abstract
Introduction
Background
Scope
Program
Tooling and Equipment
Tooling for the 35AH Cells
Equipment for the 35AH Cells
Tooling for the 36 Voli Batteries
Equipment for the 36 Volt Batteries
Cell and Battery Designs
35AH Cells
36 Voilt Batteries
Experimental Results
Circular Cell Tests (1 Cathode - 2 Anodes)
35AH Cells - (13 Cathodcs LB-35)
35AH Cells - (20 Cathodes LB-35)
Circular Cells
36 Volt Batteries (LB-5-36)
Conclusions
35AH Cells (LB-35)
36 Volt Batteries (LB-5-36)
Projected Service - 36 Volt Batteries
Manpower Expended
Supplement

APPENDIX 1
Objectives

APPENDIX II
Equipment List
Material List

APPENDIX III
Tables

APPENDIX IV

Failure Analysis

Page No.

[

W ~1 O O O N WwW WY N e e

12
13
13
14
14
14
14
15
16

36

38
38

39

73




TABLE OF CONTENTS (cont.)

Page No.
APPENDIX III

Table 1: Conctant Power Discharge (Pulse)

Currents for 35AH Cell 39
Table 2: Constani Power Discharge (Continuous)

Currents for 35AH Cells 39
Table 3: Constant Power Discharge Pulse Currents

Single Cathode 2. 4" Diameter Cells 40

Table 4: Constant Power Continuous Discharge
Currents Single Cathode 2. 4'" Diameter Cell 40

Table 5: Constant Power Discharge Pulse Currents
Single Cathode 2. 4" Diameter Cells 41

Table 6: Ccnstant Power Continuous Discharge
Currents Single Cathode 2.4' Diameter Cells 41

Table 7: Circular Cell Pulse Test Summary 42
Table 8: 35AH Cell Pulse Test Summary 43
Table 9: 35AH Cell Pulse Test Summary, 20 Cathode

20 Cathode/Cell 43

APPENDIX IV

Failure Analysis of 1.B-35 Cells 73
Conclusions of Examinations 73
Table 1
Summary of Examination 76

DD Form 1473

Distributior List

¢




Figure
Figure

Figure

Figure 4

Figure
Figure
Figure
Figure
Figure
Figure
Figure

Figure

Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

Figure

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

LIST OF ILLUSTRATIONS

Program Schedule

Cathode Molding Dies

Anode and Cathode

Anode Collector Grid

Stacking Jig

Flange Weld Tools

Extrusion Weld Tools

neak Test Adapter

Cell Test Equipment Block Diagram
Cell Test Circuit

Cell Test Printed Circuit Board

65 Millisecond Pulse Test Circuit -
36 Volt Battery

Reversed Test Circuit - 36 Volt Batte:
Revised Test Schedule - 36 Volt Battery
Rectangular Cell Assembly

Cell Design

Foil Laminaie Cell Bag

Foil Laminate Cell Cap

36 Volt Baitery Stack

Circular Cell - 1 Cathode - Batch 700723
Circular Cell - 1 Cathode - Batch 700723
Circular Cell - 1 Cathode - Batch 700807
Circular Cell - 1 Cathode - Batch 700807
Circular Cell - 1 Cathode - Batch 700811
Circular Cell - 1 Cathode - Batch 700811
Circular Cell - 1| Cathode - Batch 760811
Circular Ceill - 1 Cathode - Batch 701010
Circular Cell - 1 Cathode - Batc!. 701010
Circular Cell - 13 Cathodes - Batch 700529
Circular Cell - 13 Cathodes - Batch 7100601
Circular Cell - 13 Cathodes Batch 700618

Page No.
17
18
19
20
21
22
23
24
25
26
27




Figure 32
Figure 33
Figure 34
Figure 35
Figure 36
Figure 37
Figure 38
Figure 39
Figure 40
Figure 41
Figure 42
Figure 43
Figure 44
Figure 45
Figure 46
Figure 47
Figure 48

Circular
Circular
Circular
Circular
Circular
Circular
Circular
Circular
Circular
Circular
Circular
Circular
Circular
Circular

Circular

II Cell Battery - Batch 701222

LIST

Cell
Cell
Cell
Cell
Cell
Cell
Cell
Cell
Cell
Cell
Cell
Cell
Cell
Cell
Cell

OF ILLUSTRATIONS (cont.)

13 Cathodes
13 Catliodes
13 Cathodes
13 Cathodes
13 Cathodes
20 Cathodes
20 Cathodes
20 Cathcdes
20 Cathodes
20 Cathodes
20 Cathodes
20 Cathodes
20 Cathodes

Batch 700618
Batch 700806
Batch 700806
Batch 700821
Batch 700821
Batch 700923
Batch 700928

- Batch 700928

Batch 700928
Batch 700928
Batch 701008
Batch 701012
Batch 700928

3 Cathodes - Batch 701203
3 Cathodes - Batch 701222

Circular Cell - 3 Cathodes - Batch 710223

Page No.

56
57
58
59
60
61
62
63
64
65
66
67
68
69

71
72

e




—~————y ~ e

ABSTRACT

The fabrication of prototype organic electrolyte cells having wide

operating temperature range ard high energy density has been completed.

Seventy of these cells were assembled and delivered for evaluation tests.

In tests of samples of these cells carried out at this laboratory, energy
densities of 95 watt hours per pound at room temperature and 55 watt
hours per pound at -30°C were obtained.

Similar cell components were assembled to make fifteen 36 volt
batteries with a diameter of 2. 75 in. and a height of 5.0 inches. The-e
batteries weighed 80-90% of the maximum weight (1. 8 lbs. ) specified.

The discharge of a prototype battery at rcom temperature using
the specified discharge regime was performed. This test is continuing
after 2350 hours and the battery is still above the 20 volt cutoff voltage.
The required service on this test is 912 hours.

Impreved cells of the type used to make the 36 volt batteries
were tested at room temperature or the specified loads. Thnese cells
are still running after 3880 hours of discharge and the cells are still
above the 1.8 volt cutoff voltage., The service required on this test
was also 912 hours.

Other cells of the type used to make the 36 volt batteries were
discharged at -30°C on the revised test schedule and they discharged
for 592 hours before reaching the 1.8 volt cutoff voltage. The required
service on this test was 480 hours.

None of the improved cells were incorporated in the delivered
end items because of the contractual limitations on the delivery
schedule.

The contractual objective of charge retention, high efficiency

performance following three months storage at 55°C, was not attained.

Reduced temperature storage is recommended for the celis and batteries.

Some redesign of cell and battery structures is requir<d ‘o prevent elec-
trolyte leakage and internal corrosion observcd in the delivered end

items.
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1.0

1. 1

INTRODUCTION

Background

The development of high energy density non-reserve type primary
organic electrolyte systems has been the zoal of many resea.ch and devel-
opment efforts. Extensive studics of these systems in cur labcratories
during the past six veais have led to the development of several non-reserve
type primary systems which nive very low intrinsic selfdischarge rates.
Completely finished batteries have been made with a practical energy density
of about 100 whrs/lb. The available shelf life data indicated that our systems
had a selfdischarge rate below 3% capacity loss per year at room tempera-
ture.

Tue rasic developments which made this exceptional performance possi-

ble were
a) non-gassing systems,
b) extremely low cathode material solubility,
c) elimination of corrosion reactions between the

electrolytes and the lithium anode, and

d) a simplified low cost hermetically sealed package.

Because of our previous work in the crganic field and the necessity of
providing a cathode operative in the range frora -20°F (-29°C) to 130°F
(55°C), it was determined that a productive effcrt should be made to obtain
a cathode suitable for these temperatures. Accordingly, proprietary cathodes
were evaluated upon which Mallory had filed patent applications. These
cathodes seemeid to offer feasible systerns in conjunction with light metal
electrodes. The charts * erato appended indicate some of the results ob-
tained in the use of these cathodes.

The U.S. Army Electronics Command expressed interest in the develop-
ment of organic electrolyte cells which could be assembled into batteries for
special applications. Preliminary estimates based on available cell perfor-
mance data indicated that the cnergy density, low temperature operation, and
long active shelf life were feasible. This information was the basis for the

project.




Scope

The objectives of this project were to develop and make 100 organic
electrolyte cells that would operate over the extended temperature range
required for special military applications, delivery 100 watt hours per
pound and have a high temperature stocrage capability., The cetails of this
werk statement are given in Appendix I.

When it was determined that cells could be made to deliver the energy
density required under many of the conditions indicated, the project objec-
tives were modified to replace 30 of the criginal 100 cells with fifteen 36
volt batteries. The revised objectives and requirements were:

1) Fifteen 36 volt batteries to be supplied in addition to

seventy 3 volt cells.

2) Batteries to be 2.75 + 0,01 - 0.05 x 5" maximum

height with snap terminals on the cover.

3) Voltage: nominal 36 volts.

4) Electrical performance

a. constant 15, 000 ohm load
b. 65 millisecond pulse load on 57 ohm load,
1200 times per day for 38 days ’
C. cutoff: 20 volts
5) Room temperature tests only,

6) Maximum battery weight 1. 8 pounds.

Program

On the basis of the original work statement the project was planned and
the program schedule indicated in Fig. 1 was adopted.

The cell design calculations and the shape restrictions required that
the cell electrodes be 2.4 inches in diameter x 0. 040 to 0. 050 thick. The
cells that had been made for performance studies had 1.6" x 0, 96" x 0. 40"
rectangular electrodes. Therefore new tooling was designed and built for
the 2.4" diameter electrodes. During this tooling up period rectangular
cells were made and tested on loads that produced the same cathode current
densities as were required in the final cells.

The cell cans and covers were designed to be cold welded in a hydraulic
operated die set. The resulting cell containers were checked and found to

be hermetic.




2.0

When the tooling for the 2. 4" electrodes was cperational single cathode
cells were made %o evaluate their perfcrinance under the various test condi-
tions. These cells were also used to study various electrolytes and cathode
fahrication methods,

The initial LB-35 cells were assembled using the improvements found
in the single cathode tests. The testing of these cells under the conditions
required yielded lower than expected energy densities. The LB-35 cells
were redesigned using more electrodes to reduce the current densities.
These redesigned cells yielded the higher energy densities expected (930-95
whrs/1b at rcom temperature and 50-55 whrs/lb at -30°C). Seventy of these
cells were constructed and delivered.

Following the revision of the project objectives a 36 volt battery was
designed using the electrode structures and materials from the LB-35 cells.
Fifteen of these batteries were constructed for delivery. These batteries
consisted of eleven series connected 3 cathode cells potted in a metal cylin-
drical case. The final delivered batteries weighed approximately 90% of the
maximum allowed (1. & 1b) and delivered approximately twice the hours ser-
vice required.

The construction of these 15 batteries was carried out during an exten-

sion of the contract.
TOOLING AND EQUIPMENT

The s!ze and shape >f the cells that was specified required that new but
standard tools be made for the parts fabrication. The use of lithium anodes
in these cells required that some of the assembly steps be carried out in a

controlied atmosphere.

Tooling for the 35AH Cells
2.1.1 Cathode Molding Dies. The cathodes used in these cells were

‘molded in the die set shown in Fig. 2. These dies were fitted to a double

acting hydraulic press. The cathodes were molded using two charges of
cathode mix and an expanded metal grid. The grid was exposed after mold-
ing and a tab attached as indicated in Fig. 3.

2. 1.2 Lithium Ancde Tools. The anodes are made by cutting a 2-1/4"

diameter disc from 0, 020 lithium foil using an arch punch. This disc is




then laid on the stainless current collector Fig. 4 and pressed at avproxi-
mately 2 tons. The resulting anode collector assembly is approximately
2-1/4" diameter x 0. 018" to 0.019" thick.

2. 1.3 Separator and Collector Dies. The separators and current collec-
tors are cut from stock using steel rule dies., The separators are cut
(2-27/64" diameter) from sheet filter paper stock by placing several layers
on a cardboard sheet and pressing the steel rule die through the filter paper
using a bench arbor press.

The collectors are cut from suitable nickel and stainless expanded metal
(2-1/4" diameter)., This operation is performed by placing several layers
of expanded metal separated by sheets of paper on a hard wood block and
positioning the steel rule die. The assembly is then pressed in a bench
hydraulic press.

2.1.4 Stacxking Jig. The cell stacks were assembled using the jig shown
in Fig. 5. The electrodes were laid in with separators so that anode tabs
projected from one side of the jig and the cathode tabs from the other. When
the stack was complete it was removed from the jig, tied, and the tabs
welded.

2. 1.5 Cold Welding Tools. The hydraulic press and cold welding dies
were assembled in a new dry box section attached to the present dry box.
The cold welding tools consisted of two pairs of dies in one die set. The
first pair made a compression weld between the glass to metal seal flange
and the cover. These dies are easily removed from the die set leaving the
extrusion weld dies in place for the final can closing. See Fig. 6 and Fig. 7.

The hydraulic press operating these dies is capable of 9 tons of force.
During the compression weld a positive stop in the die set prevented over
pressure on the cover and seal. In the case of the extrusion weld, the can
containing the cell assembly was pushed down through the female porticn
of the dies by the upper or male portion. When the extrusion weld was
made, a force of 2-1/2 to 4 tons was required.

Leak tests were performed on empty cans made by compression welding
the seal to the cover and then extrusion welding the cover assembly to the
can. These were helium leak tested using a test fixture shown in Fig. 8 and

rmaas spectrometer type leak testing equipment.




2.2

Equipment for the 35AH Cells

2.2.1 Dry Box. The dry box and atmosphere purification equipment was
supplied by Vacuum Atmospheres Corporation, The existing box is Drilab
model HE-453-2, The new dry box section model HE-243 was added to the
end of the existing equipment. A door between the sections permitted isola-
tion of the cold welding area to racilitate equiprnent changes or repairs
without disturbing the remainder of the cell construction operations.
Pressure control and atmosphere circulation connections were made
to the added section to insure uniform atmosphere composition and separate
purge capabilities. The added section has special high pressure hydraulic
feedthroughs for the connection to the hydraulic cold welding press.
2.2.2 Atmosphere Purification System, The argon atmosphere was
introduced to the dry box by means of an initial purge to remove air.
Further purification was accomplished using Vacuum Atmospheres Dri-
Train HE-373 BIN. This system was capable of removing water, oxygen
and nitrogen to very low 1evels. This system was run continuously after
the initial purge and maintained the moisture level at 1-2 ppm or -75°C
dew point,
2.2.3 Moisture Measurement. The meoisture level in the dry box was
monitored daily with a Panametrics model 1000 hygrometer. This unit
measures variations in an alumina capacitor probe threaded into a port
of the dry box. Leaks or failures of the moisture removal system would
be indicated by a rising dew point of the atmosphere. No such system was
used to monitor the oxygen or nitrogen levels in the box atmosphere.
2.2.4 Molding Press. A large hydraulic press (150 ton capacity) was
made available for this project and modified to operate the double acting
cathode die set. The press was electrically powered, manually operated
and controlled to provide a wide rangs of pressures, closing and ejection
rates and holding times.
2.2.5 Cell Discharge Test Equipment. The pulse discharge test equip-
ment was constructed to cycle test 24 cells on the load profile of continuous
15 milliwatt drain with a 6 second, 5 watt pulse repeated every ten minutes.
The timing cycle was determined by an electromechanical timer and a time

delay relay. Test relays controlled by the cycle timer switched the current




2.3

2.4

3.0

levels on constant current generators, see Block diagram Fig. 9. The
generators were adjusted for the power levels as determined from Tables
1 through 6. (Appendix III.)

The cells were connected to the constant current generators and the
voltage sensing circuit, The voltage sensing circuit maintained power on
a running time meter until the cell voltage dropped below 1.5 volts, or
other adjustable cutoff voltage. Cell voltages were determined by connec-
ting a reccrder directly 7.cross tre cell termirals,

The complete circuit diagram and printed circuit board layout for this

test equipment are shown in Figs. 10 and 11,

Tooling for the 36 Volt Batteries

The 36 volt batteries used the same electrodes and other cell components

as the 35AH cells, therefore no new tooling was required.

Equipment for the 36 Volt Batteries

Tlie 36 volt batteries were assembled using the same equipment and
facilities as the 35AH cells. The testing of these batteries and the cells
that comprised them was carried out using the circuits shown in Figs. 11
and 12.

CELL AND BATTERY DESIGNS

The final cell and battery decigns were based on data obtained on single
cathode cells in both rectangular and circular configurations. The rectangu-
lar cells (Fig. 15) were made only until the tooling for the circular cells was
available and the results are given in quarterly reports 1, 2, and 3,

The circular cells {1 cathode, 2 anodes) were built (see Fig. 3) using
various electrolytes in order to obtain the best performance at -30°C after
+55°C storage.

35AH Cells

The initial 35AH cells were assembled from 13 type B cathodes and 14
pressed lithium foil anodes (Figs. 3 and 16). The electrodes were stacked
with separators using the stacking jig shown in Fig. 5. The electrode stack
was placed in a plastic bag and inserted in the metal can. Terminal connec-
tions were then welded to the anode and cathode tabs and the electrolyte
added. The plastic bag was then sealed around the terminal tabs, potting

compound was added, and the can cold welded in the press shown in Fig. 7.




3.2

During assembly and testing of these cells some deficiencies were noted
that suggested design changes. The most important of these changes were:
1) an increase in the number of cathodes and anodes to 20
and 21, respectively, to reduce the current density, and
2) the inclusion of a sealed foil bag over the cell stack to
prevent solvent vapors from interferring with the curing
of the potting compound.
Cells of this final design were tested at rvom temperature and -30°C.
The load currents were adjusted to maintain 5 watts during the 6 second
pulse and a 15 milliwatts continuous drain, The cell voltages were moni-

tored and the current adjusted daily to maintain this constant power load.

36 Volt Batteries
The 36 volt battery was designed to use the sane electrodes and separa-
tors as the 35AH cells, The cells contained 3 cathodes and 4 anodes of the

type shown in Fig. 3. The electrodes were stacked in same jig as the 35AH
cells in Fig. 5. The cell assembly was then placed in the heat sealed foil
laminate bag assembly shown in Fig. 17 and the electrode tabs welded to
the cell terminal strips. After the electrolyte had been added to the cells
the bags were heat sealed. The foil bags were then folded to resemble
shallow cups as shown in Fig. 18, Leak fests were performed on each cell
prior to stacking into the battery. Eleven cells were series connected by
welding the terminal tabs and stacked (Fig. 19). The cell stack was placed
in a plastic bag, leak tested, and then placed in the metal can. The cover
terminals were welded to the battery tabs, the cover placed on the can, and
the assembly was then pctted in place.

Initial cells and the first complete batteries of this type were tested at
room temperature and -30°C as indicated in 1. 3.

A revised test schedule for these batteries was initiated., This test
schedule is as follows:

a) A continuous load of 15, 000 ohm

b) A 75 millisecond pulse on 57 ohm repeated each 100 seconds

for 23 hours
c) Every 24th hour: three 75 millisecond pulses on 57 ohm at
10 second intervals and one 15 second pulse on 114 ohm

repeated each minute, (Fig. 14).




Special test equipment was conatructed to perform this test at room temper-
ature and -30°C, see Fig. 12 and the batteries are still discharging, In two
battery tests conducted at USAECOM at -30°C, ten days of operation was
obtained until the 57 ohm pulses fell below 20 volts. This corresponded to
1.0 AHr, 28 Whr and 20 watt hours per pound.

EXPERIMENTAL RESULTS

The 35AH cells constructed as described in section 3.0 were tested after
various storage periods by discharging at constant power pulses of 5 watts
in addition to a 15 milliwatt continuous load. The single cathode cells were
similarly tested at densities corresponding to the pulse and continuous loads
for the 35AH cells. The constant power discharges of the 35AH cells were
carried out by adjusting the current to the values given in Tables 1 and 2
Appendix III on a daily basis.

Since the 35AH cells were constructed using 13 cathodes in the first
prototype and 20 cathodes in the final design, two sets of current values
were used for testing single cathode cells as given in Tables 3, 4, 5, and
6, Appendix III, These current values are 1/13 and 1/20 of the 35AH cell
currents, respectively. All discharge curves for cells and batteries and
the test summaries are given in Appendix III.

The discharge schedule specified for the 35AH cells was 15 milliwatt
continuous and a 6 second duration 5 watt pulse every 10 minutes (1% pulse
duty cycle). In the later stages of the project this discharge schedule was
modified to a 6 second duration 5 watt pulse each minute (10% duty cycle).
This change was made to provide the cell performance data required for
evaluations in a much shorter time. Comparison tests indicated that the
cell performance did not diminish ty applying this more severe test.

The specified test schedule for the 36 volt battery is as follows: con-
tinuous load of 15, 000 ohms and a 65 millisecond pulse load of 57 ohms
repeated 1200 times per day. The equipment for performning this test is
given in Fig. 12,

The evaluation tests were performed on the 36 volt battery using this
test. The tests on 3 cathode cells for this batterv were performed using
the equivalent discharge conditions of 1000 ohms continuous and 4 ohms

pulse load for each cell on the same schedule. When the first batteries




were delivered the test echedule was revised as indicated in 3.2 and
detailed in Fig. 14 in which the puise duration was increased to 75 milli-
seconds and 15 second pulse loads on 114 chms were added.

The required service from the 36 volt batteries on the initial test
schedule was 38 days or 912 hours. On the revised test schedule 20 days
or 480 hours is required. Room temperature tests only were specified,
but since -30°C operation was anticipated low temperature tests were also
performed. (Present USAECOM battery specifications require a minimum

of 20 days service at any temperature from -30°C to 50°C,)

Circular Cell Tests (1 cathode, 2 anodes). Cells were made containing
cathode B and electrolyte H (baich 700723). The cathodes used in these

cells were prepared using a controlled particle size powder for molding to

give a uniform die cavity fill, The testing of these celis was intended to
evaluate the performance of cathodes made by this process.

The fresh test discharge curves at room temperature and -30°C are
given in Figs.20and21. The energy density for these cells extrapolated
to the 35AH cell size was 19. 6 whr/lb at room temperature and 43.5
whr/lb at -30°C. The cell which performed poorly at room temnperature
was examined and the cathode was found to be cracked, and it had broken
away from the current collector. This condition was not found when the
-309C test cell was examined. The cells from this batch that were intended
for tests after 55°C storage were destroyed when a temperature controller
failed allowing the 55°C storage chamber to reach 150°C.

Cells containing cathode B and electrolyte J (batch 700807) were assem.-
bled and tested. These cells were ma le to elaborate on the preliminary
results obtained with this type of electrolyte in rectangular cells (batch
700309), see Q-3. The fresh test discharge curves for these cells at room
temperature and -30°C are given in Figs. 22 and z3. The extrapolated
energy densities for these cells were 97. 4 whr/1lb at room temperature aad
40. 8 whr/1b at -30°C. The cells from this batch that were stored at 55°C
were also destroyed when the temnperature controller failed.

Cells were made containing cathode B and electrolyte K (batch 700811).

These cells were made to elaborate on the preliminary results obtained with




.

this type of electrolyte in rectangular cells (batch 700309), cee Q-3. The
fresh -30°9C test constant power (see Tables 3 and 4) discharge curve is
shown in Fig, Z4. The first discharge pulse on these cells resulted in a
cell voltage below the 1.5 volt cutoff. Subsequent pulses were above the ]
1.5 volts. The extrapolated energy density for this test was 42, 8 whr/lb
at -30°C.

The discharge of cells from this batch that wexre stored for 3 months at
room temperature and then discharged at -30°C is indicated by Fig. 25.
This discharge wae carried out at constant power using a2 current dersity
corresponding to the 20 cathode cell, The extrapolated energy density for {
this test was 65 whr/1b at -30°C,

The cells from this batch discharged at -30°C after 3 months at 45°C
had an initial pulse where the cell voltage was below the 1.5 volt cutoff.

The discharge curve for this test is given in Fig. 26. This test was also
carried out at constant power at current densities corresponding to the 20
cathode cell. The extrapolated energy density for these cells was 40 whr/1b
at -30°C. This test was performed to determine the comparative effect of
45°C and 55°C storage. This test was not performed on cells containing
other electrolyte types due to schedule limitations.

The cells from this batch that were stored for 3 months at 559C before
discharge at -30°C remained below the 1.5 volt cutoff. These tests were
discontinued, Further use of type K electrolyte was not indicated by the
poor performance of these cells after 55°C storage.

Cells from various batches were examined after storage and discharge
in an effort to determnine what construction improvements could be made to
improve the cell performance. This examination revealed that some of the
cathodes had blistered and lost contact with the collectors. Cells made from
improved cathodes (batch 701010) were discharged at room temperature and
-30°C. The discharge curves are given in Figs. 27 and 28. The extrapo-
lated energ' densities for these cells were 96 whr/lb at room temperature
and 54 whr/lb at -30°C.

4.2 3I5AH Celis - i3 Cathodes (LB-35), Cells were made using 13 cathodes and
i4 anodes. These electrodes were assemblcd and sealed in cans as indicated
in Fig. 1i6.
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The cells assembled using 13 type B cathodes and H electrolyte were
nulse discharged at room temperature (batch 700529), The test currents
were 5 ma continuous and 1. 9 ampere pulse. The discharge curve for this
cell ig given in Fig. 29. The energy density for this cell was determined
by using the max weight allowed since the cell was assembled without potting
compound. The energy density determined from this weight and the discharge
cvrve was 27 watt hours per pound,

A similar cell from batch 700601 was discharged at -30°C using the same
currents for continuous and pulse drains., The discharge curve is given in
Fig. 30. The premature and sudden failure of this cell was found to be a
result of a broken tab on the cathode terminal. Subsequent discharges of
cathodes removed frcm this cell indicated a considerable residual capacity.

Cells were assembled using cathode B and electrolyte H (batch 700618).
These cells were discharged fresh at a constant power as determined from
the cell voltage and current tables, Tabies 1 and 2 (Appendix III). The dis-
charge curves are given in Figs. 31 and 32. The energy density for the
room temperature cell test was 50 watt hours per pound. The energy density
for the -30°C cell test was 40 watt hours per pound. Both energy densities
are based on the maximum cell weight of 0, 65 1b. The actual cell weights
were 0.57 Ib. No potting compound was used in the assembly of these cells.

The losses in energy density relative to the expected values led to a
re-examination of the design to determine all possible IR losses. The
resistance of the electrode tab materi-*; was measured and it was found
to contribute losses of 0.2 to 0. 3 volts at the cutoff voltage. These tabs
were changed to reduce the resistance in subsequent cells.

Cells were assembled containing cathode B and electrolyte H (batch
700806). These cells were tested at room temperature and -30°C. The
constant power discharges for these cells are indicated in Figs. 33 and 34.
The energy densities for these cells were 55 whr/1b at room temperature
and 27 whr/1b at -30°C,

Cells were made containing type B cathodes and H electrolyte (batch
700821). These cells also had the improved tabis between the electrodes
and the cell terminals. The constant power discharge curves of these cells

are given in Figs. 35 and 36. The energy densities for these cells were

11




60 whr/lb at room temperature and 33 whr/lb at -30°C. The pulse test

results for 13 cathode 35AH cells are summarized in Table 8.

35AH Cells - 20 Cathodes (LB-35), A cell was made containing 20 type B
cathodes and electrolyte H (batch 700923), This cell also had improved low
resistance tabs connecting the electrodes to the cell terminals. The con-
stant power discharge performance of this cell on 10% duty cycle is given
in Fig. 37. The energy density for this cell was 89 whr/1b,

The cathodes used in this cell were the same as used in the 13 cathode
cells and therefore nearly filled the cell can. Canaing this cell was very
difficult due to the larger electrode stack. ILeakage of the electrolyte was
noted after the discharge of this cell. Examinations indicated that the inner
foil bag had been punctured during the canning operation. Subsequently,

20 cathode cells were made with thinner cathodes, to reduce the canning
problerms.

Cells were made using 20 type B cathodes and electrolyte R (batch
700928). These cells were diacharged at constant power as indicated in
Figs. 38, 39, 40 and 41. The fresh discharge energy densities for these
cells were 84.5 whr/lb at room temperature and 22 whr/Ib at -30°C. The
energy densities for discharges after 1 week of storage at 55°C were 57
whr/lb at room temperature and 13 whr/1lb at -30°C.

Examination of the cells after discharge revealed the blistered and
cracked cathodes noted in paragraph 4. 1.

Cells were made containing 20 type B cathodes and electrolyte R
(batch 701008). A representative constant power discharge at room temper-
ature is given in Fig. 42. The energy density for this cell was 72.5 whr/lb.

Cells with improved cathodes «f type B and electrolyte R (batch 701012)
were constant power discharged fresh at room temperature; a representative
discharge curve is given in Fig. 43. The energy density tfor this cell was
102 whr/lk.

Cells from batch 700928 were subjected to vibration tests as specified
in Q-1. During this test the open circuit voltage was monitored and no
change was noted. After the vibration test the cells were returned to our
laboratory (approximately 3 weeks had elapsed cince the cells were con-

structed) and constant power discharged at room temperature. A

12




4.4

4.5

representative discharcge curve 18 given in Fig. 44. The energy density
of this cell was 80 whr/1b.

A summary of the 20 cathode 35AH cell tests is given in Table 9
(Appendix IIT).

Circular Cells - 36 Voit Battery, As indicated in paragraph 1.3 and

3. 2 the objectives of the contract were changed to include 15 batteries.
Cells for these batteries were assembled and tests began prior to the
receipt of the battery cases and covers, The discharge of these cells

is being carried out at room temperature using 1000 ohm continuous load
and 4 ohm load pulsed for 65 milliseconds, 1200 times per day. The
diecharge equipment for this test is given in Fig. 12.

The cells were assembled using three type B cathodes with 4 anodes
and electrolyte R (batch 701203). These cells were discharged at room
temperature using tne test already described. The discharge curve,

Fig. 45, indicates the continuing cell test in which the voltage is about
2.0 volts after 161 days + 16 hours (3880 hours). The cells are still
discharging. The service required for the battery is 912 hours to a
20 volt cutoff. The corresponding cell cuteff voltage in an eleven cell
battery is 1. 82 volts,

Cells containing 3 type B catbodes and electrolyte R (batch 701222)
were made in foil laminate containers shaped to fit the battery case. These
cells were discharged on the same schedule and loads, The discharge curve

for this continuing test is given in Fig. 46.

36 Volt Batteries (LB-5-36), A 36 volt battery was assembled from cells

from batch 701222 (see above). This battery was dis~harged on the same
schedule using a 15, 000 ohm continuous load aad a 56 ohm pulse load. The
discharge curve for this battery test is given in Fig. 47 and the discharge
has gone 97 days + 22 hours (2350 hours) and is still running. This battery
weighs 1,43 pounds incl.ding case, cover and potting compound.

Cells were assembled containing 3 type B (batch 710223) cathodes and
electrolyte R. These cells were used to assemble the final ten batteries.
Cells from this batch were tested at -30°C using the revised test schedule
described in paragraph 3.2 and dctailed in Fig. 14. A representative dis-
charge curve is given in Fig. 48, The requirement service for this battery

is 480 hours at room temperature on this revised test schedule. These

13




5.0

5.2

cells were discharged for 24 days + 16 hours (592 hours) at -30°C to a
1. 8 volt cutoff during the 15 second pulse on 8 ohms.

The voltage on the 75 msec pulse at 4. 0 ohms was checked periodically
during the test and was found to be higher in all cases than the voltage on the
15 second pulse. The discharge curve of Fig. 48 gives the continuous load

(1000 ohms) voltage and the 15 second (80 ohms) pulse voltage.

CONCLUSIONS

35AH Cells (LB-35).

1) Cells can be made that will deliver 35AH and 95 watt
hours per pound at room temperature.

2) These cells will also deliver 55 watt hours per pound
when discharged at -30°C,

3) Reduced temperature storage is recommended for
these cells,

4) Seventy of these cells were delivered for evaluation.

36 Volt Batteries (LB-5-36).
1) A 36 volt battery can be made from the LE-35 cell

components that exceeds the performance specified
requirements of 912 hours of service.
2) Fifteen of these batteries have been delivered for

evaluation.

Projected Service - 36 Volt Batteries.

The test results on improved cells and the discharge tests which are
continuing indicate that 36 volt batteries tested on the revised test schedule
will give the following service to the 20 volt cutoff: (480 hours required)

1. Room temperature 900 to 1000 hours

2. -30°C 550 to 600 hours

A maximum storage temperature for these cells is 45°C or 113°F.

14




6.0 MANPOWER EXPENDED

Group Manager Electrochemistry
Principal Investigator

Project Director

Technician

Technician

Technician

Machinist

Machinist

15

Bro

N. Dey

F. Athearn
Bessett

. Him

Veinot

. Klosterman

Saladino

240 hours
480 hours
1544 hours
1992 hours
1376 hours
4 hours

48 hours

8 hours




L.

a)

b)

c)

d)

e)

SUPPLEMENT

Conferences

Conference at Laboratory for Physical Science, P. R. Mallory
& Co. Inc., Burlington, Mass. on September 18, 1970 with
Project Monitor to discuss cell performance and progress.
Conference at Ft. Monmouth on November 4, 1970 with Project
Monitor, representatives of project management group and
representatives of DCPG.

Conference at Ft. Monmouth on November 23, 1970 with Project
Monitor at which time 70 cells were delivered.

Conference at Ft. Monmouth on February 5, 1970 with Project
Monitor to discuss cell performance and deliver 5 batteries.
Conference at Ft. Monmouth on March 9, 1970 with Project
Monitor to discuss cell and battery performance and deliver

10 batteries.
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FIG. 5 STACKING JIG
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OBJECTIVES

APPENDIX I

The purpose of this project is to develop an organic electrolyte cell

that will operate over the extended temperature range required for military

applications and deliver 100 watt hours per pound. The specific requirements

for this cell are:

1)

2)

3)

4)

Fhysical: Size 2.55" dia. x 2.5 high max. weight 0. 65

pounds max.

Environmental: Discharge at two temperatures, -20°F (-30°C)
+759% (20°C) and storage at +130°F (55°C) for 90 days.
Electrical: Two power levels steady state and Julse 1% duty
cycle as follows.

a. average power, steady state, 15 milliwatts

b. average power, pulse, 5 watts

c. pulsing duty, 1%

d. pulse duration, 6 seconds

e. pulse frequency, one pulse every 10 minutes
f. gservice, 1000 hours minimum

g. steady state energy, 15 watt hours (min. )

h. pulse enerpgy, 50 watt hours (min.)

i. total energy, 65 watt hours (min. )

jo energy density, 100 watt hours/pound

Mechanical Environmental Capability (desigr objectives):

a. Transportation Conditions. To be subjected to vibration
and shock as per MIL-B-1 B Test 1 and perform as
specified in electrical requirements.

b. Operation Environmental Conditions
1) Mechanical Shock Test. The floor or barrier

receiving the impa~: zhali be of 2 incn fir backed
by concrete or a 1:gid steel frame. The cell shall
be dropped froun a height of 48 inches. It shall be
dropped on each face and, at 60° intervals around
the circumference, on each corner and edge, a

total of 20 drops. The drops shall be made from

36




2)

3)

a quick release huok or pendulum tester as made

by the L. A. B. Corp. Skaneteles, N.Y., or equal.

Vibration Test. The cell shall be rigidly clamped

to the platform of a vibration machine. A simple

harmounic motion having an amplitude of 0. 03 inch

(0. 06 inch total max. excursicn) shall be applied.

The frequency shall be varied either linearly at the

rate of 1 vycle per second per minute or logarith-

mically between the limits of 10 and 55 cycles per
second, The entire range of frequencies and return
shall be traversed in not less than 90 minutes nor
more than 160 minutes. Each cell shall be vibrated
through the above rnentioned {requency range in each
of three mutually perpendicular directions,

Beounce Tes¢. The cell shall be teste? on the tester,

type 1000-8C as made by the L. A. B. Corp., Skaneteles,

N.Y., or equal.

a) Cover the tester bed with a panel of 1/2 inch plywood,
with the grain parallel to the drive chain. Space six
penny nails, with the headr helow the surface, at
6 inch intervzls around all four edges and at 3 inch
intervils in a 6 inch square in the center,

b} Flace thz cell on the bed of the package tester,
Lim.. the lateral rotion of wonoden fences, to nct
more than 3 inches and not less thar | inca. Addi-
tional barriers may e used to prevent tumbling,
provided that the fore-and-aft motion of the equip-
rment againat the back-stop is not restrained.

¢) Operute the package tester, shafts in phase. for a

total vr 3 hours at 784 + 2 rpm.
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APPENDIX II

EQUIPMENT LIST
The following items of equipment were purchased under this contract.
1. Cathode molding dies (see Figure 5) 2.4' dia. cavity 1" deep
Supplier: Fen-Bar Precision Machinists, 9 I.egion Drive,
Valhalla, New York.
ﬁ 2. Steel Rule Die - 2-1/4" dia. for current collectors
Supplier: Progressive Steel Rule Die, 10 Alberton St., Lynn, Mass.
3. Cold Weld Press Frame (see Figure 6) 12 ton capacity
Supplier: Mill Lane Engineering, 12 Garfield Circle, Burlington, Mass.
4. Cold Welding Dies (see Figure 6) for closing 2.55 dia. can
Supplier: Scully Jones Div. Bendix Corp., 1901 S. Rockwell St.,
Chicago, Iliinois
5. Hydraulic Cylinder, RD-9¢ Pumr and P84 Accessories, 12 ton and
6" stroke for cold weld press
Supplier: R. H. Scales, 121 Brookline Ave., Boston, Mass.
6. Steel rule die 2-27/64" dia. for cell separators
Supplier: Progressive Steel Rule Die Co., 10 Alberton St., Lynn,Mass.

MATERIAL LIST

1. Can - LPS-35-C-1-1169 Roland-Tiener Co.
Everett, Mass.

2. Cover - LLPS-35-C-2-1169 Roland-Tienexr Co.
Everett, Mass.

3. Cathode collector - LPS-35-CC-10-170 Exmet Corp.,
Bridgeport, Conn.

4., Anode collector - LPS-35-AC-11-270 Exmet Corp.,

Bridgeport, Conn.

5. Glass to metal seal - LPS-35-GM-1-1269 Glasseal Corp.,
Linden, N.J.

6. Separatoi - LPS-35-5-1-270 Scientific Products
Waltham, Mass.
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APPENDIX Il

TABLE 1: Constant Power Discharge (Pulse) Currents for 35AH Cell

Power(watts) Voltage (volts) Current (amps)
5.00 1. 50 3.33
5.00 1. 60 3. 12
5.00 1. 70 2.94
5.00 1. 80 2.77
5.00 1. 90 2.63
5.00 2.00 2.50
5.00 2.10 2.38
5.00 2.20 2.27
5.00 2.30 2. 17
5.00 2.40 2.08
5.00 2.50 2.00
5.00 2.60 1. 92
5.00 2.70 1. 85
5.00 2. 80 1.78
5.00 2.90 i. 72
5.00 3.00 i. 66

TABLE 2: Constant Power Discharge (Continuous}! Currents for 35AH Cells

Power (watts) Voltage (volts) Current (amps)
0.0150 1. 5000 0. 0160
0.0150 1. 6000 0. 0094
0.0150 1. 7000 0. 00838
¢.0150 1. 8000 0.0083
0.0150 1. 9060 0,0079
0.0150 2. 0000 0. 0075
0.01590 2.1000 0.0072
0.0150 2.2000 0.0068
0.0150 2. 3000 0. G065
0.9150 2.4000 0.0063
0.0150 2.5000 0. 0060
0.0150 2. 6000 0. 0058
0.0150 2.7000 0. 0056
0.0150 2. 8000 0. 0054
0.0150 2. 5000 0. 0052
0.0150 3. 0200 0.0050
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TABLE 3:

Constant Power Discharge Pulse Currents Single Cathode 2. 4"
Diameter Cells. (CD equivalent to CD for 5 waits on 13 cathode

TABLE 4:

35AH cell).
Volts Amps
1.50 0.256
1. 60 0.24¢C
1. 70 0.226
1. 80 0.213
1. 90 0.202
2.00 0.192
2.10 0.183
2.20 0. 175
2.30 0.167
2.40 0. 160
2.59 0. 154
2.60 0. 147
2.170 0. 142
2.80 0. 136
2.90 0. 132
3.00 0. 128

Constant Power Continuous Discharge Currents Single Cathode
2. 4" Diameter Cell : (CD equivalent to CD for 15 milliwatts on
13 cathode 35AH ce ls).

Volts Milliamperes
1.50 0.77
1. 60 0.72
1.70 0.67
1. 80 0.63
1. 90 0.61
2.00 C.58
2.10 0.55%
2,20 0.52
2.30 0.50
2.40 0. 48
2.50 0. 46
2.60 C. 45
2.70 0.43
2.80 0.42
2.90 0. 40
3.00 0. 38
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TABLE 5:

Constant Power Discharge Pulse Currents Single Cathode
2. 4" Diameter Cells (CD equivalent to CD for 5 watts on

20 cathode cell).

TABLE 6:

Volts Pulse Amp
1. 50 0. 167
1. 60 0. 157
1.70 0. 147
1. 30 0.138
1. 90 0.131
2.00 0.125
2.10 0.119
2.20 0.113
2.30 0.109
2.40 0.104
2.50 0. 100
2.60 0. 096
2.70 0.093
2.80 0.089
2.90 0. 086
3.00 0.083

Constant Power Continuous Discharge Currents Single Cathode
2.4" Diameter Cells (CD equivalent to CD for 15 milliwatts on

20 cathode cell).

Volts Milliamperes
1.50 0.500
1. 60 0.470
1.70 0.440
1. 80 0.415
1. 90 0.395
2.00 0.375
2.10 0. 360
2.20 0.340
2.30 0.325
2.40 0.315
2.50 0.300
2.60 0.290
2.70 0.280
2.80 0.270
2.90 0.260
3.00 0.250

41




Iamog juelsuon) ¥q 0¢- ysax g A d 010102
19M0g IUBISUOD 96 wooy ysoayg Y d 01010L
panuljuods1iq -- o€~ DpGs oW ¢ el d I11800L
1amod jueisuo)d 024 0g- DesYv "owt ¢ P! o [1800L
I9MOg JueBISUOD G9 o¢- wooy "owx ¢ pet d 118002
I13amodg jueisuon 8 2% o¢ - ysaag e d [1800L
peAoaysag --- --- 065G r g L0800L
13MC4 jJue}sSuod 8 "0¥ o¢- ysaag r g LOBOOL
Iamod juejsuod ¥L6 wmoeoy ysa2a14g I d L0800L
pa4oaisaQg --- --- DoSS H 2 £2L00L
juaIIND JUBISUOD 4 0¢ - ysaax g H g €¢L00L
jusIInND JULISUOD 961 wiooy ysarg H m, €2L00L
sajo0N 'ON *81d 3i0A G°T 03 qr/iym Do uoTiIpuUOn R adAyL adA1l  ‘oN Yydieg
a8aeyosig ALtsusg A3aouy sanjexadwa J, swty 93L1013091H apoyied
pajejodeaixsy iEERS a3®ea03g
Azewaumg 389 as[ndg [[@D LBN2I1D) iy TdV.I

-]

42




9124D Ang 901 08 W00y UOoIlBIQIA I3}y o g 82600L
194D Ling o401 201 wooy ysarg A g ZiotloL
ST24D Amngg 901 S 2L wooyg ysaurg q q 80010L
324D AnQg 901 €1 0€ - DoGS @AM | ¥ = 82600L
324D Aing 9,01 LS wooy D0GS D N, | o q 826002
124D Ling 901 22 o€ - ysaaig b4 q 82600
31240 Amng 901 S '¥8g wooy ysaax g g g 82600
ST24D Ang 901 68 wooy ysaaiyg H g £2600L
SajoN *ON 8171 qr/aym Oo ucriyipuo) R adA 1 adA 1 ‘ON Yyodieg
98xeyosig 43rsusq A3aaung sanjeradwioa J, swt 91410130917 apoyjen
1sa T, s38ei10319 >

12D /3poyie) oz ‘A1varwung 3591 3sIng (19D HVee 6 dT19VL

13Mod jueIsuo) £e oe- ysaaxg H g 12800.
I9modq jueisuon) 09 wooy ysa1 g H 21 12800L
I93M0g jueBISuUOn) L2 0¢- ysaax g H d 908002
Iamog juelsuon) q¢ wooy ysaaxg H d 30800
1amog jueisuon) ov o€ - ysaax g H d 81200L
I19M0d jueISUO0D) 06 wooy ysax g H d 819002
justany juejsuo) penunjuodsi(y oe¢- yssaqg H d 10900L
jua1any juelsuon) L2 wooy ysaig H g 62500L
S3j0N ‘oN ‘8t g qi/Ium ) uoIpuod § adA T adA T ‘ON Yyoiegqg
adxeyosig ALAjrsuaq A3x2uryg danjexsdwa T, awt g, 23A101309]1F apoyzen
3sa e8e103g

A1ewiumg 3501 asmg 11D HVvse ‘B ITIVYL




000l

0¢ 9i4

SMNOH
006 008 00L 009 O0O0S OOb OO 002 OOl 0
I _ T T T I T T T 0
HS3Y deo
1S31 dW31 WOOM
H 31A70419313
9 3Q0HLVYD 1 o
€2200L HOLVS
3QOHLYD I- 1132 ¥V INJHID (YWOLl)
QD L1IVM S .
— Gl 3
S10A
- o2
S2
(VWS 0) o€

dd LIVMITIINGI

¢ —pt




000l

006 008 00l

009

i¢ 9ld

SHNOH

0QS COov 00¢

[ | 1B

HS 344

1S31 J6.0¢ -

H 31AT0¥102113

8 ZA0CHLVD

€2.004 HOLVE

JAOHLVI 1-T11130 HVINDNHID

povey

-
—
—d

(vw 0oLi)
ad 11vm G

N\ _

ol.vlo/ |

(vw g0)
dd 1LLVMITTIN Gl

~

0GCe 00l o)

G0

Ol

Sl w

S1T0A

0e

Ge

ot

et




¢¢ 9ld
SHNCOH

0002 008l 009l oob! 002l  OOCH G088 009 070} 4 00¢

1B 1 1 I | ! [ il |

HS3Y4d

1S31 dW3Ll WOOH

¢ 3LA70HLO3T3

8 3JOH.1VO

40800L HOlvS

3A0H.LYD 1 -T11130 YV INdNHID

G0

o'l

Gl

S1710A

0¢

G2

ot

G'e

46




elole]l

€2 9id
SHNOH

006 008 004 009 00S

oov

o]0} 00¢

o]o]!

HS34 4

1831 J.0¢€-

f 31LA0810313

8 3QOHLVD

0800. H31Vv8

3JAOHLYD I-1130 ¥V 1NdJYID

(TwoLl)
ad L1VMSG

o,

,/O..Oll

(Vws'0)
Q2 L1IVMTIIN G

S0

o'l

S1T0A

0¢

G¢

(04




000l

¥Z 9ld
SHNOH

006 008 004 009 00S (0]0) 4

o

00¢ 002 00!l

[ i i I _ |

¥3IMOd LNVLSNOD
H33y4 -
1831 3.0€-
¥ 3170410313
8 3QOHLYD _
11800 HOLVE
3QOHLVD 1-1130 HVINJUID

dO1livM S

Q0 LLVMITIN G

GO

ol

G

S1170A

0¢

G

0%

48




G2 914
SHNOH
0002 008! 009 0ObI 002 000l 008 0G: O0b 002 0
I I T ] I T T T T Y

¥3MOd 1NVISNOD

WOOY OW¢e 39vy0oLls —1 SO

1831 2,0¢-

X 311048193713

8 3AQ0H1VD — O

11800ZL HOLVS

3QOHLVD } -1132 ¥VINIJHID

SIT0A

Q0 11vm g 0z

ad 11VMITIIN sI

49




0C0Z 008l

009l

9¢ Old
SHNOH
GOovrl 002! 000l 008 009 oot 20¢ 0

|

T

_ T T T T I
M3IMOd LNVLSNOD
2oSb 1V 'ON € 39VNOLS
1S31 D o0S-
M 3LA08103713 |

8 3A0HLVD
1I80O0L HOLvd

ad 1ivm S

ad 1IVMITIIW Gi

3JQOHLVYD | 7130 ¥VINJHID —

°10)

ol

Gl

S1T10A

0¢

ge

01

50




0ce

12914

SHNOH
08| o9l  obl ozl 00l 08 09 ov 02 0
I w T I T I I “ I Y
JONVHISIA H3IMOd LNVLSNOD
HS3Y .
1531 IYNLVH3IdNIL wood 15O
¥ 31A108103713
01010 HOLVE
3JAOHIVD 1-T7130 ¥V INoHID  —| O
a0 1lVvM S — S
SI10A
| 02
Av G2
a0 LIVMITIW S
o¢

51




00¢

82 9ld

SHNOH
o8l o9l opl 021 0ol 08 09 ov 02
_ I T _ T _ T ] T
3JONVHOSIa ¥3IMOd
L.NVLSNOD
HS344
1S31 D.00€-
¥ 3LA10410313
010/0Z HOLVS
3QOHLYD | 1130 ¥VINOHID
11VM S
LLVMITIN n_\\

¢o

ol

Gl

(O

S110A

ge

oe

Ge

52




000l 006 008 0oCL 009

62 94
SHNOH
00S

oot 00¢ 00¢

00l

-

_ I I

HSS3u 4

1S31 dW31 WOOY

H 3104810313

€ 3JOHLVD

625002 HOlvE

S3AOHLVYI €1 -T132 ¥V INJoNHID

I

T

! I _

(343dNV 61)
SLIVM S

(vwg)
SLIVMITIIN G

w

GO0

o'l

G

S1T0A

Cce

G2

ot

53




. —— — — ——
O€ 914
SHNOH
OO0l 006 008 ©0O0.L ©009 O00S O0O0p O0O0OE 002 OO0l 0
T I _ _ | T l T I o
HS3Y44 1go
1S31 2.0¢-
H 3LAT0812373
8 3QOH.LVD S ot
I0900Z HO1VE (343AJWVY 6'1)
S3IAOHLYD €1-T1132 ¥VINJHID SLIVM G
— g1 %
S1I0A
— oz
—H g2
Y
(VW G)

SLIVMITTIN QI

oe




000l 006 008 00. 009

e "Oid
SYNOH
00Ss

oot 00 00¢

00l

] I i T

JOUVYHISIO Y3IMOd INVLSNOD
HS3Y4

1S31 dW3.1. WOON

H 31470813313

8 30OHLVD

819002 HOlve

S3AOHLYD €1-T1130 dvINJXID

I

] ] I

SLiIVM S

\

SLIVMITIIW GI

S1T10A

55




2¢ '9id

SHNOH
00Ol OOE ©008 O00L 009 O00OS OOty O©COE 002 00l 0
l T T T _ _ T T T Y
39UVHISIA ¥IMOd INVLSNOD
HS3Y4 g0
1S31 D00¢€ -
H 3LA108103713
@ 30OK1VD
819002 HOLVS — o1
S3IAOHLYD €1-T132 ¥V INJHID
g
SILVM S .
032
g2
SLIVMITIW Si o€

56




00Ol

€€ 9ld
SHNOH
006 008 004 co9 00s (00} 00¢ 002 o]e]!
[ | i H I I | ! _
3JOUVYHOSIA HIMOd LNVLSNOD
HS344
1S31 dAN31l WOOY
H 31A10410373
8 300H1VD

908004 HO1vH
S3AOHLVI €1 - 113D "V INJHIO

S11VM G

SLIVMITIIN SI

GO

ol

Gl

S1T0A

0¢

Ge

ot

57




$< OlI4
SHNOH
000l 006 008 ©00L 009 00 OOb 00 002 OOl 0
T T _ T T T _ T T 0
JONVHOSIO ¥3MOd LNVLSNOD
HS3Y 4 50
1531 2.0¢€ -
H 3LAI0810313
g 3QOHLYD 1o
90800.L HOLVE
S3AOHLYD £1-113D ¥VINOHID
— g

S1T10A

58




Se 9ld
SHNOH
000! 006 (o]0} 004 009 00s ooP 00¢ 002 0]0) o

_ T T _ T T _ “ I 0
JOUVYHOSIA ¥IMOJd LNVLSNOD

HS344
1S31 'dW31 Wooy —| SC

H 31A1704190373

8 3Q0H.LVD

128001 HOLVE — Ol

SIAOHLYD €1- 173D ¥V NI

SLiVM S
S110A

SLIVMITIIW GV o€

59




9¢ 9id
SHNOH
000l 0G6 008 004 COo? 00% 0]0) 4 00¢g 002 00l
_ | | 1 _ I _ I i

JSUVHOISIQ Y3IMOd LNVLSNOD
HS3Y4
1S3l J.0€-
H 3LAT0H.L0313
8 3COHLVD

12800L HOL1V8
S3QOHLVS €1-7113D "V INdNID

SLIVM G

SLIVMITTIN GI

G0

c

gl

SIT10A

02

S¢

ot

60




00<¢

SHNOH
08| 09i ovl ord| ool 08 09 ot (077
| I ] B i ! I I T
JOHVHOSIA ¥3IMOd LNVLISNOD

HS344

1S31 dW3l WOOY

H 3LACHLD33

8 3JO0HLVD

£26004 HOLvE

S3AOHLVY 02-1130 HVINOHID

SLLlvMm m/

\

SLLIVMITTIN Gl

0
o)

o'l

gl

S.0A

0¢

G2

o't

e'e

-




(011

09l

8¢ 9id
SHNOH

ov! 0¢i ool 08

S3AOHLVI 02 - 1130 ¥V INRJIO

S1LIVMITIIN Gl

H43MOd 1NVLSNOD
HS344

1S3l dW3L WOOYN
4 31A70410313
8 30OH.LVD
82600, HOlve

el o)

o'l

N

S17T0A
o¢

o'e

62




002 08I 03I (0] 4 ocl

6 9ld
SHNOH
o]0] 08 09 (0} 4 (07

_ | I

3OHVHOSIA ¥3MOd LNVLSNOD
HS3ud

1S3l J.0€-

Y 3110410373

8 30OHLVD

826004 HOlvE
S3A0H.LVYI02Z~-T1130 HVINJYID

I

SLIVMSG

S.LLVMIT N GI

Q

L

SO

ol

Gl

S1T0A

o¢

G2

oe

63




00¢

osl 09l 1074 074

Ot 9ld
SHNOH
00l 08 09 (0] 2

I I _ |

H3IMOd LNVLSNOD

V0SS 1V HMI 39VHO1LS

1531 dW31 WOOY

4 3LA08L03713

g 3AO0HLVO

82600, HO1V8E

S2A0OHLVD 02-717130 YVINOYIS

I 1 i [

SLIVM S
\

SLIVAMITIN m_\\

G0

o'l

Gl

S110A

o¢

G2

ot

64




00¢

O8Bi

IvO14
SHNOH

09l ovl o2l OO0l

08 09 ot

0¢c

I

i Rk ﬂ i

Y3MOd& LNVLSNOD
006G 1V MM| 3OVHOLS
1831 J.0€~

d 3LA10810313

8 3Q0HLVD

826004 HO.LVE

S3CAOH.LYD 02~ 17130 "V INOHID

_ } _

SLIVMSG

SLIVMITTIW Gl

wal

L

S0

0l

Sl

S1T0A

02

G2

oe

65




00¢

¢t 94
SYNOH

0] 09l ovl ocl 00i 08 09 ov O¢
P 1} [ I _ | | i r
FA9HVHOSId ¥43IMOd LNVLSNQOD
HS344d

1S31 3¥N1IVY3IdNIL WOOY

4 31A70410373

g 30Q0HLV3

800104 HOl1v8

S3u. 41vD 02 - 113D dVINJYID

SLIVMITTTIN GI

S11VMG

d

GO

o'l

Sl
SL10A

66

= P S U S Y



eb 2id

SHNOH

00¢ 08l 09l (0} 4 ocl Q01 o8 0% ot oc o
_ I T _ I ! { ) 1

A9HVHISIA Y3IMOd LNYLISNOD
1831 3¥NLIVI3dNIL NOOH _|

d 3LA10410313

8 3AOHLVD

210i0L HOlvE

S3A0H1LVD 02 -T1133 ¥VvINdAHID

S1IVM S

SLLIVMITIIW Gl

g0

ol

g

S1T0A

oL

G¢

oe

67




- a 41 :,111111] ‘ .1Jf
b 914
SHMNOH
0oz 08l 09 Obl ozl 0ol 08 09 ov 0z 0
T T T T T I l _ T 0

1S31 NOILVYKBIA d314V
1531 JUNIVY3IdWIL WOOYH —
d 3LA081L033
8 3AOH.LVO
82600L HOLVE —
S30TOHLVYD 02~ 1130 ¥¥1INJYHID

o SLIVYM G

SLLVMITIIN GI

G0

ol

Gi

S10A

02

¢

103

68




008 OObE 000 0092

Sy Oid
SHNOH
GGad 0081 OObl 000! 009

002

i [ I I

U 000! SNONNLLNOD

U+ 38INd
AvVQ/0021-3S7Nd O3S 59
1S3.1 dW31 WOoOY

¥ 31LA7104133713

8 3QOH.LVD

€02i0L HOLvS

3A0OHLYD €-7130 ¥VYINDOHID

R * _ { [

Ub 3SNd 03Sw 69

o/o/o
o/

U 000! SNONNILNOD

g0

ol

Gt

S1IT0A

0¢

1 * 1’

oe

69




9t ‘914
SHNOH
CO2r 008E OObE O000S 0092 0022 0081 O0vI 000 009 002 O
_ T _ T _ T _ T ] ©
U 000! SRONNILNOD
U » 3S7Nd .
AVA 70021 3S1Nd J3SW S9 —150
1S31 34NLVNIAWIL WOOHN
¥ 31A10412373 .
g 2QOH1VD — ol
22210. HOLYE
S3QOHLVD € -T1132 ¥V NoHID 3

Utb 3SINnd 035w 69
, S110A
- wao//9 o

T~ N 2

O

(ONINNILNOD 1S3L) \ | O'¢
[
VU 000! SNONNILNOD




Lv'9id
SHNOH

00v2 G022 0002 008t 009l o0¥t 0021 000!

008 008 010} 4 00¢e

| 1 1

T 000'Si SNONNILNOD

v 96 38INd

AV3/002! 3S™Nd JIS K 9
1831 dW3L WOCY

222104 HOlve

Ad311lva 11301

{ ! |

T 95 35Nd 23S WSO,

|

N

b | _ 1l

ONINNILNOD 1S31)

T 000'S! SNONNILNOD

Oi

sl

S1T0A

02

Ge

oe

1°1

ov

71




000l

006 008 00L

8v Old
SHNOH
009 00S

010 4 00¢ 002 00l

] I I

! !

_ _ o _

(37NQ3HOS 1S3l d3SIAIY)
1531 J.0€-

d 31A7048.10313

8 300HLVD

€2201L HOlvE

S3TOHLVD £-1130 dvINOUIO

U 08
3SNd O3S Sl

U 0001
SNONNILNOD

SO

o'l

Gl

S110A

oc

G?¢

ot

72




APPENDIX IV

FAILURE AMALYSIS OF LB-35 CELLS

The cells delivered to Ft. Monmouth were our first genezation
prototype cells and some of them failed on room temperature storage
or on various testing procedures. The failures were typified by low
cell voltage, leakage, bulging of the can or corrosion.

The failed cells were returned to our laboratory and examined
to determine the cause of the failures. The conclusions drawn from
our examinations were the basis of a redesign of the heat sea: used
in subsequent cells that did not exhibit these failures. These conclu-
sions are given below:

CONCLUSIONS OF EXAMINATIONS

Cell 1. This cell was pulse tested at room temperature and yielded
95 whr/1lb. Internal examination indicated satisfactory construction,
sealing and the expected discharge condition of the anodes. No failure
was noted.

Cell 3. This cell failed on room temperature shelf test as a result of
a leak in the fcil bag at the final heat seal. The cell corrosion and
discharge were a result of this leakage.

Cell 28. This cell failed on 130°F shelf test as a result of a leak at
the final heat seal.

Cell 31. This cell failed on room temperature shelf test as a result
of a pin hole leak in the foil bag.

Cell 32, This cell failed on low temperature pulse discharge test as
a result of the passivating film on the anodes.

Cell 53, This cell failed on room temperature shelf test due to a high
resistance short in the area where terminal tabs were heat sealed into
the foil bag.

Cell 71. This cell failed on room temperature shelf test due to a low
resistance short. The location of this short could not be determined.

Details of examination of these cells are given in Table 1 of this

appendix.
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SUMMARY OF EXAMINATION

The cell failures noted during this examination were all duve to
either electrolyte leakage or shorting. The final heat seal area was
found to be unsatisfactory in nearly all of the failed cells. The cell
terminal tabs were part of this heat seal area. The amount of heat
applied to this seal was therefore critical in that too little heat esulted
in a leak and too much heat resulted in a nigh resistance short on the
cell,

The seal area was redesigned so that the cell tabs could be
electrically tested and the seal leak testec prior to cell assembly.
Cells were assembled using this improved sealing method that did
not leak, short or show corrosion. The improved seals were not

incorporated in the delivered end items dt.ie to schedule limitations.
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